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(54) Portable electronic device and method for personal identification 



(57) A method for identifying a person using biomet- 
ric information is provided. A portable electronic device 
(10) such as an IC card stores feature values of the bio- 
metric information as registered data. When a user 
enters the biometric information of his own into a data 
processing device (20) such as IC card terminal, the 
data processing device extracts feature values about 
the inputted biometric information and sends it to the 
portable electronic device. The portable electronic 



device matches the features inputted by the data 
processing device to the registered data for performing 
personal identification. For reducing the processing 
load burdened on the portable electronic device, the 
portable electronic device entrusts part of the process- 
ing to the data processing device. This allows the porta- 
ble electronic device and the data processing device to 
work in concert. 
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Description 

BACKGROUND OF THE INVENTION 

FIELD OF THE INVENTION 

The present invention relates to a personal identifi- 
cation of a portable electronic device representatively 
like an IC card and a personal identification and an elec- 
tronic signature executed through a network like an 
internet. For example, the present invention may be 
adapted to a safe electronic money which a malignant 
person cannot falsely use or electronic transactions 
such as cash-less shopping, online shopping and home 
banking. 

DESCRIPTION OF THE RELATED ART 

Today, for identifying a specific individual when 
withdrawing money from his or her bank amount or pur- 
chasing a good, a card with a magnetic stripe for storing 
information (referred to as a magnetic card) is widely 
used. When someone withdraws cash from an auto- 
matic teller machine with his or her cash card, a per- 
sonal identification number is pressed for identifying 
him or her. When purchasing a good with a credit card, 
the match of a signature written on the back side of the 
credit card to an actual signature written at the purchas- 
ing time is executed for the personal identification. 

It has been pointed that these types of personal 
identifications involve some bottlenecks in security. If 
someone steals another person's cash card and its per- 
sonal identification number, the stealer can easily with- 
draw money from the bank account. The credit card 
may be also used by the stealer rf the stealer imitata- 
tively writes the owner's signature of the credit card. 

To overcome these bottlenecks, proposals have 
been presented wherein an IC card is used in place of 
the magnetic card because the IC card has a far larger 
storage for information than the magnetic card. The IC 
card thus may store biometric information such as a fin- 
gerprint, a retina pattern or voice so that the biometric 
information is used for the personal identification. Many 
of those proposals have been presumed that the per- 
sonal identification based on the biometric information 
is processed in an IC card terminal, because it needs a 
considerable amount of processing load. This type of 
processing, however, involves some bottlenecks in 
security, such as outflow of individual registered data 
and the relatively easy transform of an identification pro- 
gram for the IC card terminal by the third person. 

Then, the "Personal Identification System" dis- 
closed in JP-A-61-199162 has proposed an idea of 
using a fingerprint as a secret code and doing extraction 
of features and matching of the fingerprint with the IC 
card. However, the data processing performance of the 
IC card is remarkably low for the personal identification 
based on the biometric information, so that the IC card 



cannot substantially reach the realization of the per- 
sonal identification thereon. 

Further, as for the business transactions or election 
through an internet, credit information is transferred on 
s the internet together with the personal identification. In 
this case, by encrypting the credit information, the secu- 
rity of the information is improved. However, it is difficult 
to determine if the credit information is truly about the 
identical person and it is transferred on real time. 

JO 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide a 
portable electronic device having far larger storage for 

15 information than a magnetic card and a system for iden- 
tifying a person based on biometric information that 
cannot be easily stolen or imitated, in particular, the sys- 
tem for identifying a person which keeps the security 
higher by inhibiting the outflow of the biometric informa- 

20 tion stored in the portable electronic device. 

It is a further object of the present invention to pro- 
vide a highly securable system for identifying a person 
which is arranged to complete the personal identifica- 
tion about the information transferred from the portable 

25 electronic device through an external network and cer- 
tify the information is transferred within a predetermined 
time. 

The portable electronic device according to the 
invention includes a memory for storing feature values 

30 of first biometric information as registered data, an 
transmit/receive interface for receiving as features fea- 
ture values of second biometric information to be identi- 
fied from a data processing device, and a processor for 
comparatively matching the registered data to the fea- 

35 tures. 

In the method for identifying a person based on the 
biometric information according to the invention, the 
data processing device operates to extract the feature 
values from the biometric information inputted thereto 

40 and send the extracted feature values to the portable 
electronic device as the features. The portable elec- 
tronic device operates to match the features to the reg- 
istered data corresponding to the feature values of the 
biometric information stored in the memory. Further, the 

45 portable electronic device performs part of the matching 
process through the effect of the data processing 
device, thereby reducing the load burdened on the hard- 
ware. 

These and other objects, features and advantages 
so of the present invention will become more apparent in 
view of the following detailed description of the pre- 
ferred embodiments in conjunction with accompanying 
drawings. 
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55 BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a block diagram showing an arrangement 
of a portable electronic device; 
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Fig. 2 is a block diagram showing an arrangement 

of a data processing device; 

Fig. 3 is a block diagram showing relation among 

the portable electronic device, the data processing 

device and an external information processing 

device; 

Fig. 4 is a block diagram showing a process for 
identifying a person according to a first embodiment 
of the present invention; 

Fig. 5 is a block diagram showing a process for 
identifying a person according to a second embodi- 
ment of the present invention; 
Fig. 6 is a block diagram showing a process for 
identifying a person according to a third embodi- 
ment of the present invention; 
Fig. 7 is a block diagram showing a process for 
identifying a person according to a fourth embodi- 
ment of the present invention; 
Fig. 8 is a block diagram showing a process for 
identifying a person according to a fifth embodiment 
of the present invention; 

Fig. 9 is a diagram showing an arrangement of an 
input device in the case of using a fingerprint as 
biometric information; 

Fig. 10 is a block diagram showing a method for 
extracting features of a fingerprint; 
Fig. 1 1 is a view showing a method for creating reg- 
istered data of the fingerprint; 
Fig. 12 is a view showing a method for positioning 
the registered data to the features based on the 
data for positioning and matching both of them to 
each other; 

Fig. 13 is an explanatory view showing forecast 
processing for matching the registered data to the 
features; 

Fig. 14 is a view showing an operation of getting dif- 
ference data from the registered data and the fea- 
tures and generating cryptographic data; 
Fig. 15 is a block diagram showing a method for 
matching speakers to each other in the case of 
using voice as the biometric information; 
Fig. 16 is a view showing the registered data and 
the features in the case of using the voice as the 
biometric information; 

Fig. 17 is a chart showing a DP matching method 
for matching the speakers to each other; and 
Fig. 18 is a chart showing a DP matching for match- 
ing the speakers to each other according to the 
present invention. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

Fig. 1 shows an arrangement of a portable elec- 
tronic device representatively such as an IC card. The 
portable electronic device 10 includes a CPU 102 for 
controlling the whole of the portable electronic device 
10, a RAM/ROM 103 for storing an application program 



and data, and an I/O 101 for performing communica- 
tions between the portable electronic device 1 0 and the 
external. Some part of RAM/ROM may be constructed 
by EEPROM (Electronic Erasable Programmable Read 

5 Only Memory). EEPROM can keep data without elec- 
tronic power, and can change the data. The CPU 102 is 
connected to the RAM/ROM 103 through an address 
bus 104. The CPU 102, the RAM/ROM 103 and the I/O 
101 are all connected through a control and data bus 

io 1 05. The CPU 1 02 receives an I/O signal from the exter- 
nal through the I/O 101, executes the application pro- 
gram on the RAM/ROM 103, and write the executed 
result in the RAM/ROM 103 or output to the external 
through the I/O 101. 

is The portable electronic device 10 is arranged to 
seal the overall hardware components (101 to 105) and 
the software stored in the RAM/ROM 103 in one chip. 
Or, the portable electronic device 10 is a tamper-resist- 
ant device by providing a function of deleting the soft- 

20 ware if a user gives a certain operation to the portable 
electronic device. The tamper-resistant device becomes 
preferable to the portable electronic device used for the 
fields such as electronic transactions to be applied to 
the present invention if the device provides a function of 

25 preventing the software from being falsified by the user. 
Fig. 2 shows an arrangement of the data process- 
ing device 20 representatively such as an IC card termi- 
nal and an IC card reader. The data processing device 
20 includes a CPU 201 for executing a program, a RAM 

30 205 for storing the program to be executed and the data, 
a ROM 202 for initial program booting, a portable elec- 
tronic device I/O 203 for communicating information 
with the portable electronic device, an external I/O 204 
for communicating information with an external network, 

35 an input device (such as a keyboard or pin pad) 208 
connected to the data processing device 20, and a user 
I/O 206 for controlling an output device (such as a dis- 
play or a speaker) 209. Those components are con- 
nected through a bus 207. 

40 As shown in Fig. 3, the data processing device 20 is 
connected to the portable electronic device 10 through 
an I/O signal line. The data processing device 20 ena- 
bles to communicate information with an external infor- 
mation processing device 30 through a network such as 

45 an internet. 

The CPU and the RAM/ROM included in the porta- 
ble electronic device representatively like the IC card is 
generally lower in performance than the CPU and the 
RAM/ROM included in the data processing device (such 

so as the IC card terminal or the IC card reader), because 
the hardware of the portable electronic device is imple- 
mented compactly and the restrictions are imposed 
thereon by power supply and heat radiation. 

55 (1) Embodiment 1 

Fig. 4 is a flowchart showing a system for identify- 
ing a personal according to a first embodiment of the 
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present invention. The process of this embodiment con- 
tains the process executed by the portable electronic 
device 10 and the data processing device 20. 

The data processing device 20 is inputted with bio- 
metric information such as a fingerprint, a retina pat- s 
tern, voice or handwriting from the input device 208 
(step 401). The features of the inputted non-processing 
data are extracted by the CPU 201 (step 402). The 
extracted features are sent to the portable electronic 
device 10. 10 

The portable electronic device 10 operates to read 
the registered data from the RAM/ROM 103 (step 403). 
The features sent from the data processing device 20 
and the registered data are matched to each other by 
the CPU 102 (step 404). If the identification results are is 
true, the personal identification is normally terminated. 
Then, the following process is executed. If the identifica- 
tion results are false, the personal identification is 
refused. The following process is not executed. 

According to the processing of this embodiment, 20 
the personal identification can be realized safely and 
quickly, because the heavy process for extracting the 
features of the biometric information (non-processing 
data) is executed by the data processing device with a 
large CPU performance without outputting the biometric 25 
information (registered data) registered in the portable 
electronic device. 

Herein, the description will be oriented to a method 
for registering in the portable electronic device the data 
in the case of using the fingerprint as the biometric infor- 30 
mation. The fingerprint is registered by the data 
processing device shown in Fig. 2. 

As shown in Fig. 9, an input device 208 through 
which a user inputs his or her fingerprint includes an 
optical unit (such as a fingerprint sensor mainly com- 35 
posed of a CCD camera) 901 and a digitizing unit 902 
for digitizing image data read from the optical unit 901. 
The digitized image data (non-processing data) is input- 
ted into the data processing device 20. The CPU 201 
executes a program for extracting the features from the 40 
inputted non-processing data for facilitating the match- 
ing of the biometric information. Various kinds of meth- 
ods for extracting the features have been proposed. The 
extracting method thus does not restrict the present 
invention. For example, the present invention may utilize 45 
the method described in Minami et al. "Development of 
New Security System for Matching Fingerprint", Elec- 
tronics, 1988, September. As shown in Fig. 10, this 
method is executed to perform various processes such 
as change of the darkness of image data (step 1001), so 
smoothing (step 1 002), and extraction of the direction of 
vortex on fingerprint (step 1003). An example of the fin- 
gerprint pattern is shown in Fig. 1 1 and those processes 
will be discussed in detail. 

The change of the darkness of image data 1001 is ss 
a process for changing a tone (the so-called number of 
colors) of the non-processing data 1101 to a lower 
value. For example, the tone is changed from 256 colors 



of the non-processing data to 32 colors. The smoothing 
1002 is a process for eliminating acnodes, because the 
fingerprint data involves few abrupt changes of tone and 
a strong correlation between the adjacent pixels from a 
viewpoint of picture quality. The resulting picture is sec- 
tioned into lattice areas, and the direction of vortex on 
the fingerprint is extracted on each lattice area. The pat- 
tern in the direction of vortex extracted from each lattice 
area is specified as the features 1 102. 

The area around the features 1102 normally con- 
tain lots of noises caused by optical distortion of an 
input device. The feature positions of the fingerprint that 
are useful of matching corresponds to the center area of 
the features with complicate parts. Then, the center 
area containing lots of feature positions of the features 
is cut out, and the cut features 1 1 03 are sent to the port- 
able electronic device 10. The portable electronic 
device 1 0 stores the cut features 1 1 03 as the registered 
data in the RAM/ROM 103. 

(2) Embodiment 2 

Fig. 5 is a flowchart showing a system for identify- 
ing a person according to a second embodiment of the 
present invention. In this embodiment, the data 
processing device executes part of processing of the 
portable electronic device according to the first embodi- 
ment for reducing the load burdened on the processing 
on the portable electronic device. 

The biometric information is inputted from the input 
device 208 into the data processing device 20 (step 
501). Then, the features of the inputted non-processing 
data are extracted (step 502). The portable electronic 
device 10 operates to read the registered data stored in 
the RAM/ROM 103 (step 505), cut out part of the read 
registered data (step 506), and send the cut part of the 
registered data to the data processing device 20. 

The data processing device 20 operates to gener- 
ate a data cutting control signal from the features and 
the part of the registered data sent from the portable 
electronic device (step 503), cut out the features (step 
504), and send the features to the portable electronic 
device 10. The portable electronic device 10 operates to 
match the cut features to the registered data through 
the effect of the CPU 102 (step 507). If the identification 
results are true, the personal identification is terminated 
normally. Then, the following process is executed. If the 
identification results are false, the personal identifica- 
tion is refused. Then, the following process is not exe- 
cuted. 

The process for identifying a person according to 
the second embodiment will be discussed in detail. For 
matching the pre-registered data to the features of the 
biometric information inputted as an object of identifica- 
tion, it is necessary to perform the two processes of (a) 
normalizing the registered data and the features (posi- 
tioning if the biometric information is specific to a finger- 
print) and (b) matching the registered data to the 
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features. In the second embodiment, the normalizing 
process is executed by the data processing device 20 
and the matching process is executed by the portable 
electronic device 10. The portable electronic device 10 
extracts the minimum part of the registered data 
required for normalization from the registered data. 
Then, the normalized (positioned) features are sent to 
the portable electronic device 10 for matching them to 
the registered data. Hence, if a malignant person gets 
the part of the registered data outputted from the porta- 
ble electronic device and registers it in another portable 
electronic device, the person cannot be identified as an 
identical person of the original registered data. 

Taking the fingerprint data shown in Fig. 12 as an 
example, the flow of matching according to the second 
embodiment will be discussed in detail. The picture data 
1204 of the fingerprint to be identified is inputted from 
the input device 208 into the data processing device 20, 
in which the extracting process is executed for getting 
the features 1205. 

On the other hand, the portable electronic device 
1 0 operates to read the registered data 1 201 and create 
the partial registered data 1201 for positioning. In the 
example shown in Fig. 12, the four corners of the regis- 
tered data 1202 are cut out as the partial registered 
data 1202. The partial registered data 1202 for position- 
ing may not be limited unless the registered data is likely 
to be stolen. Hence, it is preferable to cut out the periph- 
eral portion of the registered data that does not contain 
many of the features of the fingerprint and cut out plural 
portions by considering the rotation of the data to be 
matched. 

The cut partial registered data 1202 is sent to the 
data processing device 20. The data processing device 
20 generates a data cutting control signal from the fea- 
tures 1205 and the partial registered data 1202. The 
data cutting control signal is a signal for indicating the 
portion of the features 1205 matched to the registered 
data 1203. For example, it is represented as the coordi- 
nates corresponding to the four corners of the regis- 
tered data 1301. The data processing device 20 
operates to cut out the features 1205 according to the 
data cutting control signal. Hence, a square with four 
pieces of the data for positioning 1202 as four corners 
(cut features 1206) is cut out. 

The cut features 1206 are sent to the portable elec- 
tronic device 10 in which the features are matched to 
the registered data 1203. 

In the second embodiment, the data processing 
device with a high CPU performance executes the large 
amount of process for normalizing without the outflow of 
the registered data of the biometric information stored in 
the portable electronic device. Hence, the data process- 
ing device can realize the personal identification safely 
and quicldy. 
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(3) Embodiment 3 

Fig. 6 is a flowchart showing a system for identify- 
ing a person according to a third embodiment of the 

5 present invention. 

The biometric information is inputted from the input 
device 208 into the data processing device 20 (step 
601). The data processing device 20 operates to extract 
the features of the inputted non-processing data 

10 through the effect of the CPU 201 for getting the fea- 
tures (step 602). The portable electronic device 10 
operates to read the registered data from the 
RAM/ROM 1 03 (step 606), cut out part of the registered 
data (step 607), and send the partial registered data to 

15 the data processing device 20. 

The data processing device 20 operates to gener- 
ate a data cutting control signal from the features and 
the partial registered data sent from the portable elec- 
tronic device (step 603) and cut out the features based 

20 on the data cutting control signal (step 604). Then, the 
forecast processing is executed about the cut features 
(step 605). The cut features and the data after forecast 
processing are sent to the portable electronic device 10. 
The portable electronic device 10 executes the match- 
es ing comparison among the cut features, the data after 
forecast processing and the registered data through the 
effect of the CPU 102 (step 608). If the identification 
results are true, the personal identification is terminated 
normally. Then, the following process is executed. H the 

30 identification results are false, the personal identifica- 
tion is refused. The following process is not executed. 

As an example of the use of the fingerprint as the 
biometric information, the third embodiment will be 
described in more detail. 

35 As has been described with respect to the second 
embodiment, the matching process contains (a) the nor- 
malizing process and (b) the comparing process. The 
third embodiment is arranged to reduce the processing 
burden put on the portable electric device in the com- 

40 paring process. The comparison of the registered data 
with the features is generally executed by calculating 
the distance between both of the data and making the 
decision on the magnitude of the distance. The amount 
of operations depends on a function of the distance. 

45 The portable electronic device with a poor hardware 
performance may suffer from the larger processing 
load. 

According to this embodiment, focusing attention 
on the respect that the input data is located close to the 
so registered data if the input data to be identified is the 
data of the identical person, the cut features are shifted 
in a closer range before the forecast distance is calcu- 
lated. 

Fig. 13 shows the concrete example. For simplify- 
55 ing it, the pattern in the direction of vortex composing 
the features is represented by a unit vector with an 
angle with an x axis as a°. Trie features are represented 
by a. Herein, it is assumed that the cut features 1301 
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are (41. 33, 18, 37, 22, 5, 24, 12, 3). 

The data processing device 20 takes neighboring 
values of "-2, -1, 0, +1, +2" for obtaining the absolute 
values of "2,1,0,1, 2". The pre-calculated result about 
the closer range allowed for each feature is the data 
after forecast processing 1 302. 

The portable electronic device 10 receives the data 
after forecast processing 1302. Based on the first fea- 
tures "41" and the close data "2, 1 , 0, 1 , 2" correspond- 
ing thereto, if the registered data train is "40, 35, 20, 37, 
20, 8, 28, 10, 5", the first registered data is "40". Hence, 
it is compared with the features "41 The difference is "- 
1". As a result, a value of "1" can be obtained from the 
data after forecast processing "2, 1,0, 1, 2". Likewise, 
the comparison of the registered data with the cut fea- 
tures is executed in series. The distances from the cor- 
responding data after forecast processing are obtained 
in series and then are accumulatively added. The accu- 
mulated result corresponds to the difference between 
the registered data and the cut features, if this value is 
smaller than a threshold value, it is determined that the 
registered data is identical with the cut features. 

As described above, in the portable electronic 
device 10, the data processing device 20 performs an 
operation of comparing the registered data with the cut 
features and obtaining a distance from the data after 
forecast processing in a table lookup manner, for per- 
forming the identification processing. 

Herein, the description has been expanded as an 
example of the one-dimensional features. If the number 
of dimensions is increased or whatever function of dis- 
tance may be used, the portable electronic device 10 
may reduce the operational load. 

(4) Embodiment 4 

Fig. 7 is a flowchart showing a system for identify- 
ing a person aocording to a fourth embodiment of the 
invention. 

The biometric information is inputted from the input 
device 208 into the data processing device 20. The data 
processing device 20 operates to extract the features of 
the inputted non-processing data through the effect of 
the CPU 201 for obtaining the features. The portable 
electronic device 1 0 reads the registered data out of the 
RAM/ROM 103. The processes at steps 701 to 704 in 
the data processing device and the processes at steps 
706 and 707 in the portable electronic device are like- 
wise to those described with respect to the embodi- 
ments 2 and 3. In the fourth embodiment, the operation 
is executed to calculate a difference between the regis- 
tered data and the features sent to the data processing 
device 20 (step 709). Then, the cryptographic process- 
ing changes the difference data to the cryptographic 
data by using the random number generated at the step 
708 (step 710). Next, the cryptographic data is sent to 
the data processing device 20. 

The data processing device 20 operates to perform 



the first identification processing about the features and 
the cryptographic data (step 705). The data after the 
first identification processing is sent to the portable 
electronic device 10. The portable electronic device 10 

5 operates to perform the last identification processing by 
using the data after the first identification processing 
and the generated random number (step 711). If the 
identified results are true, the personal identification is 
terminated normally. Then, the following process is exe- 

w cuted. if the identified results are false, the personal 
identification is refused. The following process is not 
executed. 

As an example of the use of the fingerprint as the 
biometric information, the fourth embodiment will be 

15 described in more detail. 

Like the third embodiment, the present embodiment 
is intended to reduce the processing burden of the port- 
able electronic device in the comparing. Also in this 
embodiment, the operation of obtaining the distance is 

20 performed by the data processing device. The operated 
result is inputted to the portable electronic device in 
which it is subject to the last identification processing. 

As shown in Fig. 14, the portable electronic device 
10 operates to obtain difference data 1403 between the 

25 extracted features 1 401 and the registered data 1 402. If 
the vector in the direction of vortex of the features is 
completely identical with the vector in the direction of 
vortex of the registered data, the difference data 1403 is 
made to be zero vector. In general, it is not made to be 

30 zero vector because the features contain lots of errors. 
If the difference data 1 403 is sent to the data processing 
device without changing it, the registered data 1402 is 
inversely calculated. Hence, the difference data 1403 is 
scrambled by using the random number (the sequence 

35 of data is rearranged at random). The resulting data is 
sent as the cryptographic data 1404 to the data 
processing device. This scrambling may prevent the 
registered data from being inversely calculated. 

The data processing device 20 operates to obtain 

40 an absolute value of the cryptographic data generated 
by the portable electronic device 10. (The absolute 
value of the difference of an angle is set as a distance). 
The absolute value is sent to the portable electronic 
device 10. The portable electronic device 10 receives 

45 the calculated distances and accumulatively adds them. 
The accumulated result corresponds to the difference 
between the registered data and the cut features. 
Hence, the accumulative value is compared with a 
threshold value (last identification), if it is smaller than 

so the threshold value, it is determined that the registered 
data is identical with the cut features. 

For simplification, the description has been 
expanded with an example of using a one-dimensional 
angle as data. In actual, however, it goes without saying 

55 that the multi-dimensional data such as two-dimen- 
sional data (for example, a coordinate of a vector end- 
point) may be used. Further, in the case that the 
difference data is scrambled with the random number, if 
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the scrambled result has the same dimension as the 
registered data, the registered data may be unwillingly 
inferred by repetitively sending zero vectors and unit 
vectors from the data processing device 20. For the 
scrambling, more dimensions may be given to the cryp- 
tographic data by using the random number to prevent 
the unwilling inference. 

Further, the normalizing process is executed by the 
data processing device. However, if the portable elec- 
tronic device has inadequate hardware performance, 
the features are transmitted to the portable electronic 
device without changing them, in which the normaliza- 
tion and the difference process can be executed. 

(5) Embodiment 5 

Fig. 8 is a flowchart showing a personal identifica- 
tion system according to a fifth embodiment of the 
present invention. This embodiment is an implementa- 
tion of the personal identification system with high secu- 
rity in the environment where a data processing device 
is connected to an external network. In this embodi- 
ment, the data processing device 20 is connected to a 
network such as the internet. The network is connected 
to external information processing apparatuses 30 such 
as computers (for example, a host computer of a service 
provider). 

The biometric information is inputted from the input 
device 208 to the data processing device 20 (step 801). 
The data processing device 20 operates to extract the 
features of the inputted non-processing data through 
the effect of the CPU 201 for obtaining the features 
(step 802) and send the features to the portable elec- 
tronic device 10. The portable electronic device 10 
operates to read the registered data from the 
RAM/ROM 103 (step 804) and match the registered 
data to the features coming thereto (step 805). If the 
identification results are true, the personal identification 
is terminated normally. Then, the following process is 
executed. If the identification results are false, the per- 
sonal identification is refused. The following process is 
not executed. The foregoing first to fourth embodiments 
may be applied to this matching process. 

Herein, the information such as money or request 
for transactions in electronic transactions is inputted to 
the data processing device 20 by the user. The data 
processing device 20 operates to read the inputted 
information (step 803) and send it to the portable elec- 
tronic device 10. The external information processing 
device 30 is triggered by the input of the information to 
the data processing device by the user or the comple- 
tion of personal identification in the portable electronic 
device to read the current time (step 808), perform the 
cryptographic process (step 809), and send the crypto- 
graphic data to the portable electronic device 10 
through the network. The portable electronic device 10 
operates to cryptographic decipher the cryptographic 
time (step 807) and cryptograph the coming time and 



the preferable information (step 806). The cryptographic 
information is passed through the data processing 
device 20 and is sent to the external information 
processing device 30 through the network. The external 
s information processing device 30 operates to crypto- 
graphic decipher (step 810). If the time sent thereto is 
identical with the time sent by the user himself (step 

81 1) , it is determined that the coming information is cor- 
rect. Then, the proper information processing such as 

10 the electronic business transactions is carried out (step 

812) . 

The personal identification system according to this 
embodiment is a system arranged so that the external 
information processing device 30 recognizes the person 

15 for processing the transfer is identical with the person 
registered in the portable electronic device 10 if the 
information is transferred from the data processing 
device to the external information processing device 30 
in response to an indication given by the external infer- 

20 mation processing device 30. That is, the personal iden- 
tification according to the invention makes it possible to 
prevent misuse of the portable electronic device by a 
malignant person, that is, replacement of a true user 
with a malignant user and the falsification by the data 

25 processing device 20 by sending back the time sent 
from the external information processing device 30 to 
the portable electronic device 10 together with the rele- 
vant information. 

This system thus proves that the very person regis- 

30 tered in the portable electronic device 1 0 exists over the 
network at the time. By using this characteristic, it is 
possible to provide a system that is effective in competi- 
tion or election on the network required for the process- 
ing within a certain length of time. 

35 The foregoing description has been expanded 
along the arrangement where the data processing 
device sends the necessary information. The similar 
process may apply to the information registered in the 
portable electronic device or the information saved in 

40 the data processing device. Moreover, the system can 
optionally specify the timing when the external informa- 
tion processing device reads the current time (step 
808). Further, though the system is arranged so that the 
external information processing device sends the cur- 

45 rent time to the portable electronic device, the sending 
of the random number in place of the time may offer the 
same effect unless a specific request is issued for 
processing the data within a certain length of time. 
The first to the fifth embodiments have been 

so described in detail. The description has been expanded 
as taking an example of the use of the fingerprint as the 
biometric information. Of course, except the fingerprint, 
the other kind of biometric information rather than the 
fingerprint may be used only if it may be expanded in 

55 the two-dimensional plane. That is, a retina pattern, a 
palm pattern, a lineament, and vector-formative data 
such as handwriting or voiceprint may be used for 
implementing the present invention merely by changing 
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the input process and the algorithm of extracting the 
features. The method for identifying a personal {match- 
ing of speakers) with voice as the biometric information 
will be described with reference to Figs. 15 to 18. 

Fig. 15 is a flowchart for matching the speakers. At 
first, the voice is inputted {step 1 501 ) and then the input- 
ted voice is changed into a vocal sound (processing of 
vocal sound, step 1502). The vocal sound means the 
feature values of the voice and is based on the spec- 
trum analysis of the voice. The processing of vocal 
sound based on the spectrum analysis may be imple- 
mented by using an LPC cepstrum described in Seiichi 
Nakagawa, "Voice Recognition based on Probability 
Model", pages 10 to 12 (issued by the Institute of Elec- 
tronics, Information and Communication Engineers). 
After this processing of vocal sound 1502, the proc- 
essed voice is vectorized (step 1 503). By vectorizing the 
features of the voice, the calculation is made more effi- 
cient. These processes 1502 and 1503 correspond to 
the process of extracting the features in the case of 
\ using the voice as the biometric information. Moreover, 
the portable electronic device 10 registers the vector- 
ized features of the voice as the registered data. The 
vectorized features of the voice are matched to the fea- 
tures of the voice inputted to the data processing device 
20. As shown in Fig. 16, the features of the voice are 
represented as the time series of the feature vector. The 
registered data is represented as (A^ A 2 , ... Ap). The 
feature data of the inputted voice is represented as (Xi , 
X 2 , ...XJ. 

As the matching process (step 1504), the DP 
(Dynamic Programming) matching technique or the 
HMM (Hidden Markov Model) technique may be used. 
The matching by the DP matching technique will be 
described with reference to Fig. 17. Since the voice is 
expanded or shrunk on time, the matching is required to 
allow the change of time. The DP matching technique is 
executed to obtain the time series of the combination 
(Aj, Xj) (1 ^ i s n, 1 ^ j ^ m) in which an accumulative 
distance between Aj and Xj is made minimum and to 
compare the accumulative distance with a given refer- 
ence value for the purpose of implementing the match- 
ing comparison. 

As described above, the DP matching technique is 
required to calculate the accumulative distance about 
many combinations of time series. Hence, the range of 
combinations is limited to a specific range for the pur- 
pose of reducing the amount of calculations. This spe- 
cific range is called a matching window. Concretely, the 
accumulative distance is calculated only about the com- 
binations located between a line 1703 and a line 1704 
shown in Fig. 17. 

The operation is executed to compare the distance 
of (A 1( Xj) (1 ^ j s r ), extract M combination candidates 
with smaller distances and calculate the accumulative 
distance of the distance (A2, Xj) at the next time and M 
combination candidates for narrowing down the candi- 
dates. The series of processes are repeated. Finally, 



the combinations for minimizing the accumulative dis- 
tance are extracted from the time series of the combina- 
tion (Aj, Xj). For example, (A 1§ X^, (A 1p X 2 ), <A 2 , X 3 ), 
(A3, X3), (A4, X4), ... (A,,, XJ are extracted. The details 

5 of the DP matching technique is discussed in Keinichi 
Mori, "Pattern Recognition" (issued by the Institute of 
Electronics, Information and Communication Engi- 
neers), pages 117 to 119. 

In matching the speakers, as mentioned above, the 

10 calculations of the accumulative distance about the time 
series of the combinations give the portable electronic 
terminal so large a processing load that the portable 
electronic terminal cannot easily process the calcula- 
tions. Hence, focusing on the general phenomenon that 

15 the features vary less on the middle of the voicing 
though the features vary more in the beginning of the 
voicing, though it is necessary to enlarge the matching 
window in the beginning, it is possible to do the match- 
ing process if the matching window is relatively nar- 

20 rowed down on the middle of the voicing. That is, the 
matching process in the first half of the voicing is exe- 
cuted by the data processing device (which corre- 
sponds to the "extraction of data" described with 
respect to the fifth embodiment), while the second half 

25 of the voicing is executed by the portable electronic 
device. For performing the first half of matching, though 
the partial registered data is sent from the portable elec- 
tronic device to the data processing device, the part 
except it is disallowed to be outf town. 

30 This will be concretely described with reference to 
Fig. 1 8. The portable electronic device operates to send 
the registered data Aj (1 ^ i s u) to the data processing 
device in which the registered data Aj is matched to the 
features. The matching range is limited to the range 

35 indicated by a square 1810. In this case, the matching 
window is wide and actually corresponds to the range 
located between lines 181 1 and 1812. The identification 
results in the matching range 1810 are sent to the port- 
able electronic device, in which the matching process is 

40 executed about Aj (u+1 £ i s n ). The matching range 
of the portable electronic device is made to be a square 
1820. The matching range 1820 corresponds to the 
range located between lines 1821 and 1822. The 
matching process of the portable electronic device is 

45 executed to narrow down the matching window rather 
than the matching process of the data processing 
device, for the purpose of reducing the calculating load. 

Further, the processes corresponding to the forego- 
ing third and fourth embodiments are executed for 

so reducing the amount of calculations to be done by the 
portable electronic device. As described about the 
embodiment 3, the distance between the features Xj 
and its neighbors Y k (1 ^ k ^ 1) is assumed to be the 
data after forecast processing. The operation is exe- 

55 cuted to select Y k matching to Aj and set the distance of 
the pre-catculated (Y k , X) as the forecast processing as 
the distance of (Aj, xj). These operations result in being 
able to obtain the time series of the combination (Aj, Xj) 
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for minimizing the accumulative distance. 

In correspondence with the difference processing 
of the fourth embodiment, the difference of the combi- 
nation (Aj, Xj) is taken as the time series meeting the 
matching window and is encrypted for calculating the 
distance of the combination (A jp Xj) as the first personal 
identification. The minimum accumulative distance is 
selected from the accumulative distances obtained by 
the last identification processing and is matched to a 
threshold value. ' 

The foregoing method for matching the feature vec- 
tor sequences is effective in matching of the hand-writ- 
ing as well. 

While the present invention has been described 
above in conjunction with the preferred embodiments, 
one of ordinary skill in the art would be enabled by this 
disclosure to make various modifications to this embod- 
iment and still be within the scope and spirit of the 
invention as defined in the appended claims. 

Claims 

1 . A portable electronic device (1 0) comprising: 

a memory (103) for storing feature values of 
first biometric information as registered data; 
a transmit/receive interface (101) for receiving 
as features feature values of second biometric 
information to be identified from a data 
processing device; and 

a processor (102) for comparing said regis- 
tered data with said features. 

2. The portable electronic device as claimed in claim 
1, wherein said portable electronic device is a 
tamper-resistant device. 

3. The portable electronic device as claimed in claim 
1, wherein said biometric information is any one of 
fingerprint, retina pattern, voice and handwriting. 

4. A data processing device (20) for personal identifi- 
cation of a portable electronic device for holding 
feature values of first biometric information as reg- 
istered data, comprising: 

a first transmit/receive interface (206) for 
receiving second biometric information con- 
verted into a digital signal as non-processing 
data; 

a processor (201) for extracting feature values 
from said non -processing data; and 
a second transmit/receive interface (203) for 
sending said extracted feature values to said 
portable electronic device as the features of 
said second biometric information. 

5. A method for performing personal identification of a 



portable electronic device through the effect of a 
data processing device and said portable electronic 
device for holding feature values of first biometric 
information as registered data, comprising the 
5 steps of: 

in said data processing device, extracting fea- 
ture values of second biometric information 
inputted thereto (402) and sending said 
io extracted feature values as features to said 

portable electronic device; and 
in said portable electronic device, matching 
said features to said registered data (404). 

15 6. A method for performing personal identification of a 
portable electronic device through the effect of a 
data processing device and said portable electronic 
device for holding feature values of first biometric 
information as registered data, comprising the 

20 steps of: 

in said portable electronic device, cutting part 
of said registered data (506) and sending said 
cut partial registered data to said data process- 
es ing device; 

in said data processing device, extracting fea- 
ture values as features from second biometric 
information inputted thereto (502), and normal- 
izing said features with said partial registered 
30 data (504) and sending said normalized fea- 

tures to said portable electronic device; 
in said portable electronic device, matching 
said normalized features to said registered 
data (507). 

35 

7. A method for performing personal identification as 
claimed in claim 6, wherein said data processing 
device cuts out a part of said features correspond- 
ing to said registered data held in said portable 

40 electronic device (504) and sends said cut features 
as said normalized features to said portable elec- 
tronic device. 

8. A method for performing personal identification of a 
45 portable electronic device through the effect of a 

data processing device and said portable electronic 
device for holding feature values of first biometric 
information as registered data, comprising the 
steps of: 

50 

in said portable electronic device, cutting out 
part of said registered data (506) and sending 
said cut partial registered data to said data 
processing device; 
55 in said data processing unit, extracting feature 

values as features from second biometric infor- 
mation inputted thereto (502), positioning said 
features to the registered data held in said port- 
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able electronic device by using said features 
and said partial registered data (503), and 
sending said features and said information for 
positioning to said portable electronic device; 
and 5 
in said portable electronic device, matching 
said features to said registered data based on 
said information for positioning (507). 

9. The method for performing personal identification to 
as claimed in claim 8, wherein said data processing 
device cuts out a part of said features correspond- 
ing to said registered data held in said portable 
electronic device by said positioning (504) and 
sends said cut features to said portable electronic is 
device. 

10. The method for performing personal identification 
as claimed in claim 8, wherein said data processing 
device performs a first identification processing of 20 
matching said features to said partial registered 
data (503) and sends said first identification results 
and said features to said portable electronic device, 
and 

25 

said portable electronic device performs a sec- 
ond identification of matching said features to a 
part of said registered data except said partial 
registered data (507). 

30 

11. The method for performing personal identification 
as claimed in claim 10, wherein said matching is 
executed by comparing a given threshold value with 
a minimum value of an accumulative distance D of 

a distance dy (1 ^ i ^ n, 1 ^ j ^ m) of a combination 35 
of any one of said registered data Aj (1 ^ i ^ n) and 
any one of said features Xj (1 ^ j ^ m), and 

a range of the combination of said partial regis- 
tered data Aj (1 ^ i £ u) and said features Xj to 40 
be calculated in said first matching is set to be 
wider than a range of a combination of Aj 
(u+1 ^ i ^ n) of the part of said registered 
data except said partial registered data and 
said features Xj in said second identification 45 
processing. 

12. The method for performing personal identification 
as claimed in claim 10, wherein said biometric infor- 
mation is voice or handwriting. so 

13. A method for performing personal identification of a 
portable electronic device through the effect of a 
data processing device and said portable electronic 
device for holding feature values of first biometric ss 
information as registered data, comprising the 
steps of: 



in said data processing device, extracting the 
feature values as features from second biomet- 
ric information inputted thereto (602), calculat- 
ing a distance between said features and given 
number of neighbors (605), and sending said 
features and said calculated distance to said 
portable electronic device, and 
in said portable electronic device, selecting any 
one of said neighbors matched to said regis- 
tered data and matching said features to said 
registered data by using a distance between 
said selected neighbor and said features (608). 

14. The method for performing personal identification 
as claimed in claim 13, wherein said portable elec- 
tronic device cuts out part of said registered data 
(606) and sends said cut partial registered data to 
said data processing device, and 

said data processing device positions said fea- 
tures to said registered data held in said porta- 
ble electronic device by using said features and 
said partial registered data (603), and sends 
said features and said information for position- 
ing to said portable electronic device. 

15. The method for performing personal identification 
as claimed in claim 14, wherein said data process- 
ing device calculates a distance between the part of 
said features corresponding to said registered data 
held in said portable electronic device to given 
number of neighbors based on said information for 
positioning (605) and sends said features and said 
calculated distance to said portable electronic 
device. 

16. The method for performing personal identification 
as claimed in claim 14, wherein said data process- 
ing device performs a first identification processing 
of matching said features to said partial registered 
data (603) and sends said features and said first 
identification results to said portable electronic 
device, and 

said portable electronic device selects any one 
of said plural neighbors matched to the part of 
said registered data except said partial regis- 
tered data, based on said first identification 
results, and performs a second identification 
processing by using distance between said 
selected neighbor and said features (608). 

17. A method for performing personal identification of a 
portable electronic device through the effect of a 
data processing device and said portable electronic 
device for holding an amount of features of first bio- 
metric information as registered data, comprising 
the steps of: 
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in said data processing device, extracting the 
feature values as features from second biomet- 
ric information inputted thereto (702) and send- 
ing said features to said portable electronic 
device; 5 
in said portable electronic device, calculating 
difference data between said features and said 
registered data (709), cryptographing said cal- 
culated difference data (710) and then sending 
said cryptographic data to said data processing jo 
device; and 

in said data processing device, performing a 
first identification processing of matching said 
features to said registered data based on said 
cryptographic difference data (705) and send- 15 
ing said identification results to said portable 
electronic device; and 

in said portable electronic device, deciphering 
said first identification results and performing a 
second identification processing (71 1). 20 

18. The method for performing personal identification 
as claimed in claim 17, wherein said portable elec- 
tronic device scrambles said difference data by 
using generated random numbers generated 25 
thereby, sends said scrambled difference data to 
said data processing device, and deciphers said 
first identification results sent from said data 
processing device by using said random numbers. 

30 

19. The method for performing personal identification 
as claimed in claim 17, wherein said portable elec- 
tronic device cuts out part of said registered data 
(707) and sends said cut partial registered data to 
said data processing device, and 35 

said data processing device positions said fea- 
tures to said registered data held in said porta- 
ble electronic device by using said features and 
said partial registered data (703) and sends ao 
said features and the information for position- 
ing to said portable electronic device. 

20. The method for performing personal identification 

as claimed in claim 19, wherein said data process- 45 
ing device cuts out a part of said features corre- 
sponding to said registered data held in said 
portable electronic device by said positioning (704) 
and sends said cut features to said portable elec- 
tronic device, and so 

said portable electronic device calculates dif- 
ference data between said cut features and 
said registered data (709). 

55 

21. The method for performing personal identification 
as claimed in claim 19, wherein said data process- 
ing device performs a first matching processing by 



using said features and said partial registered data 
(703) and sends said features and first matching 
results to said portable electronic device, and 

said portable electronic device calculates dif- 
ference data between said features and a part 
of said registered data except said partial reg- 
istered data, cryptographs said calculated dif- 
ference data (710), and sends said 
cryptographic data to said data processing 
device, 

said data processing device performs first iden- 
tification processing of second matching 
processing using said registered data and said 
features based on the cryptographic difference 
data (705) and sends the first identification 
results to said portable electronic device, and 
said portable electronic device deciphers said 
first identification results and performs a sec- 
ond identification processing of said second 
matching processing (711). 

22. A method for performing personal identification of a 
portable electronic device through the effect of said 
portable electronic device for holding feature values 
of first biometric as registered data and a data 
processing device connected to an external infor- 
mation processing device through a network, com- 
prising the steps of: 

in said portable electronic device, receiving an 
input of feature values of second biometric 
information from said data processing device, 
matching said registered data to said features 
(805), and determining if the personal identifi- 
cation is successful based on said matching 
results; 

when said personal identification is successful, 
in said portable electronic device, receiving first 
information cryptographed and sent by said 
external information processing device; and 
in said portable electronic device, adding sec- 
ond information required for a predetermined 
process to said received first information, cryp- 
tographing the added information (806) and 
sending the cryptographic data to said external 
information processing device. 

23. The method for performing personal identification 
as claimed in claim 22, wherein said external 
processing device deciphers the information sent 
from said portable electronic device and executes 
the foregoing predetermined process if said first 
information in the deciphed information is identical 
with first information sent to said portable electronic 
device from said external processing device. 

24. The method for performing personal identification 
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as claimed in claim 22, wherein said external ; 
processing device sends a current time as said first 
information. 
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